To determine impurity concentrations in solids using mass spectrographs, ion-sensitive emulsions are used. The principal problem it. obtaining quantitative results from a mass spectrum recorded on a photographic plate is determining the characteristic response curve. Calculations required to determine the parameters in an empirical function which accurately represents the response curve of Ilford Q2 emulsions are programmed in FORTRAN language. The program input data consists of the impurity-ion mass, line density, and exposure; the impurity-ion concentration and the detection limit are calculated and printed as output.
INTRODUCTION
Solid-state mass spectrographs norm&ily use ion-sensitive photographic plates as the ou'put detector, due to the wide variation in ion intensity of the rf vacuum npark source. In addition, the photoplate is an excellent ion integrator and has the ability to detect and to record a wide range of masses simultaneously.
There are two principal procedures used for tha analytical interpretation of photographic plates: (a) visual inspection (1) , where an experienced analyst visually compares line densities and calculates concentrations from relative exposures, and (b) the photometric method (1) (2) (3) , where a microdeuJfometer is used to determine line densities and the data are pro« ssed by manual calculations. The first method produces semiquantitatlve results; the latter method, by eliminating errors arising from visually matching densities, line width, emulsion background, etc., can produce quantitative results.
This report is aot interded to argue in favor of one method over the other. Both methods are useful. However, if the densltometric meihod is used, the manual labor required to process the data is so gr^at that the routine computation can be done best by a digital computer.
The primary problem in obtaining a quantitative analysis of a mass spectrurii recorded on a photoplate is deverminlng the characteristic response curve of the emulsion. There are several "functlonless" methods (4) for obtaining the characteristic response curve, but the method most widely associated with mass spectrography is the modification by Duke (2), based on the "two-line technique" described by Churchill (5) for use in optical spectrography. The characteristic response curve may also be obtained by a "functional" niethod. An empirical function given by Hull (6) accurately represents the entire response range of Ilford Q2 emulsions, thus permitting all analytical data to be evaluated.
Both the functionless and the functional method have individual merit. The Churchill two-line method is applicable only for elements possessing an appropriate isotopic distribution, and it requires many pairs of measurements o! two lines having a known intensity ratio (such as isotopes whose abundance ratio falls within the requisite range). In addition, only inlormalioa from a single element is used to construct the characteristic cuiv"?. but Owens and Giardino (7) have demonstrated that emulsion response exhibits ion-mass ■>pendence, ion-energy dependence, and, possibly, chemical dependence. However, Kennicott (8) has described a computer program using this method.
The functional method, in which the data are fitted to aji empirical curve, is easier to program. Hovever, it teixs.s to force the data into a predetermined formula, and any errors of the ion-beam integrator are not corrected. Woolston (9) has described a computer program written in assembly-system language, using tlie functional method.
The program described below is modeled after Woolston's program, but it is written in FORTRAN IV, because NRL's CDC 3800 computer is more receptive to FORTRAN language. Generally the mathemaucal functions and symbols of both Woolston's program and our program are the same; there are slight additions or deletions that suited our personal approach. However, the parameters calculated from the same data are essentially the same.
MATHEMATICAL FORMULATION
The equation for tie photographic calibration curve given by Hull (6) rnay be expressed by
where, for a sample component x, 
where tfF is a factor proportional to the mass in atomic mass units, c. Is the fractional concentration of the reference Ion, and s 12 the relative sensitivity coefficient (unless both 5, and S r are known, they are taken to be unity).
When the lines have finite width the concentr; ilons are corrected by a factor equal to the line width. Thus, Eq. Numerical values of r^, are calculated from Eq. (4) for each data point; an_average value of the correction for line width can be determined by the densitometrlc measurements, and the factor w x i «■,.. ^ can be applied to Eq. (3).
The detection limit Is determined by using «,. to calculate K x for the maximum component exposure, setting T l = 100% and T g = 98% in Eq. (1) and substituting these values of K, in Eq. (3).
GENERAL DESCRIPTION OF THE PROGRAM
Expressions are programmed for the calculations described in the previous section for experimental data read in from punched cards. Tables of isotope abundances and Identifications are punched on IBM cards and are read in preceding the experimental data cards. If an incorrect isotope identification is made on the corresponding data card, NO ISOTOPE LISTED is printed, and the calculation for that isotope is bypassed. Other errors are determined by the system err ^r identifiers. Formats of the experimental data cards are given in Table I .
The input data are punched on cards. A table of isotope abundances Is read in with the measured data. Table 2 gives a definition of the symbols used in the program. The sequence of cards 3 through 4 +(N -1) is repeated a number of times equal to the number of runs. The first 1-2 characters In the A8 specification of ID refers to the atomic symbol, and tiie last 1-3 characters correspond to the atomic mass. (016) JjQlSO. M=LiJ . 5X. 2 7 F0RMÄT(3X»A2.4X.E10.3.2X.F8.4.3X.A3.A1,2X.R3.5(2X.F5.l) 5(2'x.F5,l ) . 5X . F6. 3 »6X ,E 1 0. 3 .1 7X .E8. 1 )  104  29 FORMAT(e2X»4HRAV=.F6.3.2X,4HKAV=,tl0.3 1X.F4.1.9X.F7.2.1CX.I2.10X.A8.A1.7X.F5.2)  109  32 FOPMAT(A8.rX-.F8.4,2(2X.F8.41 ."3X.E10.3 /(100,0-TL2) 
CALL CALC K(RAV,TL(M).ISAT(M; ,tl (M) ,AI(M) .XX(M) ) 58
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